Abstract. In this study, stability against deep sliding of gravity dam is analysed in order to provide guidance for ensuring stability against sliding of gravity dam during the construction and operation periods. Based on checking-point method (JC method), the study proposes an analysis model for stability against deep sliding of gravity dams. In addition, the rigid body limit equilibrium method is utilized to construct the limit state function of deep anti-sliding stability. With sliding plane anti-shear friction coefficient and anti-shear cohesion calculated as random variables, safety degree of stability against deep sliding is analysed. With JC method employed, the calculation program is compiled to calculate the stability against deep sliding of gravity dam and analyse the non-overflow section of gravity dam under normal storage level.
Introduction
In recent years, intensive study have been conducted by domestic and foreign researchers and important progress has been made concerning the application of reliability theory in the design of gravity dams. For instance, Lan [1] delivered a preliminary discussion on the use of reliability theory to calculate the deep anti-sliding risk of gravity dams, and proposed the limit state equation as a calculation formula. Based on this structural reliability theory, Li [2] developed a reliability calculation formula for gravity dam's stability against deep sliding in relation to a deep single sliding plane within the foundations and verify its correctness. Taking advantage of equal safety coefficient method, Yang [3] established a mechanical model which considered lateral resistance in calculating the reliability index of a gravity dam's deep anti-sliding stability. Besides, Wang [4] analysed the reliability index of a gravity dam's stability against sliding along the foundation plane, and made a sensitivity analysis of several random variables affecting the reliability index. Furthermore, Duncan [5] figured out the structure reliability index with the traditional safety coefficient calculation method and variable probability values employed. Based on a real dam section, Su [6] set a detailed example to illustrate the proposed risk analysis approach while Ji [7] worked out structural reliability of gravity dam using artificial neural networks method.
Zhang [8] devised a system reliability analysis method for multiple failure patterns of gravity dam on top of the Copula function. Built on the weighted regression response surface method, the reliability indexes of gravity dam foundation faults were computed [9] . Xu [10] deduced the upper limit of failure probability for failure mode and system reliability of dam on the foundation of Bayes formula and Cauchy-Schwarz inequality. Built on the previous research achievements, this study introduced the use of JC method to calculate the stability against deep sliding of the deep double sliding surface in the foundation of a gravity dam, with the aim of introducing reliability theory in the design of gravity dams.
Reliability analysis method
In the analysis of the structural reliability, the limit state of a structure is described by performance function when there are n random variables ) , , , (
that affect the reliability of the structure, the performance function of the structure can be expressed as follows: 
respectively，and probability density of Z being expressed as ) 2
When normal distribution of Z is converted into a standard normal distribution, the failure risk of Z shall be expressed as follows:
In the formulas above,  is the reliability index of a structure,
However, in most cases, many of the variables in an actual project do not obey a normal distribution. Therefore, it is necessary to transform non-normal random variables into normal random variables through equivalent normalisation, during which the advanced checking-point method (JC method) is generally recommended by JCSS. The service condition of JC method for equivalent normalisation is when the distribution function value and the probability density function value of the equivalent normal random variable ' i X and the non-normal variable i X are the same, respectively, at the design checking point,
which can be expressed with the following formulas: X , the following formulas shall be obtained: 
Calculation process of stability against deep sliding of a gravity dam (based on JC method)
( Fig. 1) shows the calculation process used to solve the stability against deep sliding of a gravity dam by using JC method, which can be briefly introduced as follows 
Examples of Gravity Dam's Stability Against Deep Sliding Calculation
Based on the aforementioned theory and calculation procedure, this study made an analysis of stability against deep sliding in the case of a hydro project non-overflow gravity dam section (Fig. 2) . According to a self-compiled program, the reliability index  of the gravity dam's stability against sliding is 4.36 and the failure risk f P is approximately zero. As indicated by the results calculated with reliability theory, gravity dam's stability against deep sliding can meet the requirements. Verified by the rigid body limit equilibrium method, the factor of safety against deep sliding K is found to be 3.23. For basic combination, when safety factor K is greater than 3.0, anti-sliding stability is considered to meet the requirements. Results by both methods suggest that requirements can be met by the stability against deep sliding of the gravity dam.
Conclusions
The existence of gently inclined soft layers in the foundations of a gravity dam may result in a deep sliding instability in the foundations. In this study, by taking anti-shear strength parameters, the most sensitive factor to the anti-sliding stability, as random variables, the author established the limit state function using rigid body limit equilibrium method and normalised the non-normal random variables with JC method in order to analyse the stability against deep sliding of the gravity dam's foundation with structural reliability theory. From the calculation results, it can be concluded that the conclusions drawn from the analysis of stability against deep sliding of a gravity dam are the same when using different methods: JC method, and the rigid body limit equilibrium method. Therefore, conclusions can be drawn that JC method can be used in analysing the deep anti-sliding stability of a gravity dam. This study was financially supported by National Natural Science Foundation of China (51409207, 51309190), and Program2013KCT-15 for Shaanxi Provincial Key Innovative Research Team. 
